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(57) am 

mm dts-r* 1 1 1 -vmc^mmmtm. 

(b) , VX* 1 4 S:ffie>*T-7r-fe^ h*S£fc3Si3 
■BrS (c) . ae>lC 7rty K«fjg5:^CiI<«it/ 

(d> . mmiz^m.mmmti> 1 1 1 -vm^ 

(e) . 




1 

mm i ] 1 1 1 -v»^wi*Diw^if 

tiffimtm-mwwmmMts m-vm 
1 1 -vmt&wmm7Ti>v hmmm&ustf 
mti.tt*>Km&?x>?timm\ stasia? nz 
mmti 1 1 1 -vm^mmw^^m. 

[ft#«2] I I l-VMtismm&<»Z-X9*i/*r 

mM&tm^vmmmtfmz> m-vm 

1 1 -vm^w*S77t9 himm&b%# 
*>j&ga-& B^ts^^©i i i-vmt^m 

s> h#j££S^^3®£¥«<b* SiCgi:. KrfB¥ 

6 1 1 1 - vM6W«fim 

1 1 l-VM^*titW. &sv>ttfc* 

^^s^ecWcttKs^i-s 1 1 1 -vm6 

T, KflB7r-fey U»§©«!lg# {1-10 1} m$> 

zztzmttzmmtftMioyi 1 1 -ve^ 

T, *W7£fnJ*<<l l-2 0>*|6j*tli<l- 

i o o>tm-3bz>ztz<imt?z>n!m4%M.<Di 
[n^«7] iutas«{i, MgAi 2 o 4 Si 

m ZnOSti, Si CSR, LiGaC-2 £fe 
Al 2 O3 S«CDV^4x*>loA>^^R3*U tulB I 

i i-vmt^mmmi, g s ne incaNE 

AlGaNK. InN|& GaPg, GaAsK®V>T 

2x«3Xtt4fa«oi 1 1 -vm\t-^mmm>aA 
mms] mi u-vmt^mmG&m 
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f«fl£T'*ot. llfcSiffild^^ttStfGaN, In 
GaN, feit;AlGaN©e>^*<i:t»2oO«f5f 

tt3x«i4iB«cDi i i-vm£wm#m&x 
ts#S9i 1 1 1 -vmismm{*£#ffi&i*m 

^mmwimmmmmoi 1 1 -vrnitnw 

hmmtfmto&ztixmi<tiit. 1 1 1 -vmt-sm* 
mftt&nt&ztimtt&i i i-vmt^m 

mmi o] 1 1 i-vmtitwm#t%*m* 

&mtz>rt*--yyzniz.'?xifmit* tm&m. 

«T7rt«; hUmmf&L&tfbtft&Ltzl 1 1 - v 
Sefb^im^S^f^^i^OI 1 1 -VMbS 

mm#0&&tt*izmfrxi'm&m\ etmai 

i i-vi^b^#^<*©«^J:»Jio1B7r-fe^ K« 

trntz 1 1 1 - vmit^wmmx&^x. mm 
1 1 1 -\m^mmim^i>^<iLhmm&. 

* 1 1 1 -vM^»m 
[n^si i] rnmmm^ ms&mmzfm-t 

& 1 1 1 - v&fb£$#$#i: cm*\ &£v>tt& 
^^»^»flMa®<afettHS:^1'S 1 1 1 -VM 

w^foW&fcstk i&ibi 1 1 -v8Kb£4^tt 

*mfc**ft^9;fc*Wiif#SU OfSgOl I I 

[it** i2) g a mmfttteiim^mmm. 
a K&mmmw*--yy2tit=.-?x>>tmK* 

tffcgvv 3 6>tc|61B7 r ir v YWkmmJ»X3km 
[H#«l 3] M*3l 2lCfa«a*lfcGaN&¥&tt 

mm. 1 4 J G a N^^^ilfe^K^MS^SS^ 



3 

[is#s 1 5 j nm 1 4 mam&G a n^^»k 

[gf#«l 6 J fS#gl 2fe*v%liSI#ai 3{CfB«0 
GaN*^{fl8l^tf©#K, t&fBGaN*¥£#BS 

±»cg a mmmmtmw&zmt&jMZG 
tzzt zmtts g a N&mmMimmfiVs 

mm.^ K(fBGaN*^mi:tCGaN*^«c 

DfiBtfc-S&G a N&^&g^^T'J&Srfcfc*!® 
£*SSf3&«l 6, &SV>ttiit#gU 7fB«0>GaN& 

[ft#« 1 91 WEG a N^«)^-f-^G a N&¥£ft 
l/-1fT-i&$ri:fc#®£1-5iMS3ll 8fa«©GaN 

[St#3C2 0] m^mi 4 feSVMiSf^l 5tCgB«0> 
G a N#¥&#RLICG a N**NM***<Z>8UI*8t# 

jmtitix^&ztimiLttzGiimmtimsm 
& 

[St#«2 1] 4fcSVM«f:#gl 5fB*©G 

a N^^mttCG a N#^#&*©8®8&*W 

vMtm&mkztix^zzt.z!im£tz>G a 
p«3i^t/G a N&¥m#mm*T'&zzt 

in#m2 3 ] ttllBG a Nftftm+ffG a N*¥g# 
l/-- tfT-fc-Sii: &4tiR£tft**3(2 2fB«OG a N 

ICG a N*ip»»*?-ftJBaW-«Ig«:*-r * S £ 

[|f*«2 5] 2»C|B«©GaN^^ft®0 
««®»C KUBG a N*¥£ttBLBCG a N*¥»ft 

m*im*zzmt, iusbg a N&m&m^ptt 
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Z £ tmttZG a N&^^*©SS§m 
[ft#S2 6] f&i2GaN#¥$fl*m *7>^T- 
D*$i££t/G a N*^«:«^^T*feS3i:«:^ft 
i:1"SS*«2 4 *SttMa*>a2 5f38t©G a 

imm 7] uibg a umm*tfG a N#¥£«c 

u-tfr^$z:£*^£t*lt#3l2 6fB8©G aN 

10 (S*S2 8] gf#SU 4&*v^iSf:£3U 5fC|2«© 
SfffBG a N*¥>SW*BU:»CG a N^^*3g?*^3 
*VtV*$ i I itmt G a WPftMMt?. 

[ff#«2 9] 1 4 Cfeeot&EG a N*if#«: 
IJU:KGaN#^*^tf^tfSft. ttfgBGaN** 

um&*$tiG a m i m#9&m*T'3bzz.t 

tt*H#«2 8feSV^*S2 9|3«0>G aN&¥ 

20 

[St#«3 1 ] luiBG a VI&mm&ffG a N^^tt 

is-vx-tozztimt-tzmms 0U«©G a N 

[000 1] 

nfcs£*g±ic 1 1 1 -vmt^mmmmi^ 
30 xmtizii i-vmb&mmimzmti. ^ 

tooo2] s&cg &K&mm*m*wm.ii 
^ku ^es^w<iW*v^GaNiN^^*aJ:^cms 

[0003] 

immm) 1 1 i-v»ft^«imwrc, tuta 

ft^U-^A (GaN) it. gffl&m3. 4eV£±Z 

40 tTaisnxv^. 

[ooo4] zotmm^t-m^ju * tmnz 
tztommmtvxfc jmzttxxz^vfrM 

b^oxA/imM^mmm^mmmm^ 
Tx/vfxfcfawsa^tt. m<tt*7T'(7 (ai 

2 0 3 ) !K^©J:iMW«a. ^5S^R*^ 
50 tlT^fc. 
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[000 5] 

V>?Xn3 2m (1 9 9 3) ^1 5 2 8-1 5 3 3KJ 
(Jpn.J. Appl.Phys.Vol 32(1993) pp. 1528-153 

3). J: T>uxtLxm&im 

[0 0 0 6] £fc%J-*&£&<»3it:* *i/*AO£X. 

m<mm&X' 1 Am©s i o 2 

B?T*X h 7 4 -JVmX,1tV? 7 -Y TS&hKG a NK 

3«iWW8- 6 4 7 9 1 ^&«(Cf2«£*lT 
V%S„ b^b#gW8-64 7 9 1^4^(DffilT-ttSi 

[0007] *mom\t> 

W*Z^nW&*m^X^9**/*fn>j8&tctfr>X 

[0008] se>tc*«^©ft!ios«rti, ±iax£** 
[0009] zttftmoimumt. 

Y/UftftlC J: WMt&tlfcG a N*¥*ttKhlCG a N 

mmmmfc <m*.h:g a n^^*«^?« 
it) &m*&ztiz*>). mmvmambtiz 

[0010] 

1^#©j££#£li. I I I -Vlft^fiWii 
^««tc|5!^t«^^ J WSaKB^Wj:6 1 

1 1 -vmGmm»m&t&3M£* mv&m. 

«T?ISIBI 1 1 -VM^J«7rt«> 

jeatftjy&jfcRaii. m&&t&&®2L<oi i i-v 

KG? ZZ. 

[ooii] * £#«*«© 1 1 1 -vffit&®!m#0) 
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1 1 -vrnttswrnmyr-tv hm&&mv*& 

&«ftS-fe Mtt«AKMKcDl 1 1 -Vitfi» 

[ooi2] ztKmrnoi 1 1 -vj&t^iwm 
^^^w?ftiKB^a©eifetts*^t4 1 1 1 -vit 

mxvu-fm* mm jni^nmx-& 

[ooi3] mmai 1 1 -vmtiiwmm& 
1 1 1 - vm.ismm&t&*m*mmm&sk 

wkm&htzmfmLt- 1 1 1 -vaat^witt 

i:£=fciciljfa-7x**m*:Sv\ itflBi n-vM^ 
#^#©fifcfWcj:ytiigB77izs/ h«3&^*l«>ji*^ 

S&fC ItdBI I I -VM6*f»(* 

[0014] tm-?*zwm}m(D£®mK 

[0 0 15] #»iBfflGaN&^«B&©^^i. 

g a mm#tmim*mmmtfms£m 

IB. *SV>ti|ifi3SfiiU:»cm3nfeG a N^^ftg 

©GaN9M^#fc£fcKttlfev***m£gV\ se> 
«CfuiB77-fey S«JiS:il«)a^/T^®S:TObtSX 

[ooi6] #$8e©g a K&immmw&vMm 
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[o o 1 7 j *mo>G a mmmframm 
mziMts mtGtimmtmfrb'pt^tm io 

afct*. tfcKHBGaN*^^*?-^ ^^sx 
n*Btfc£&G a N*^#«)lSg?T-ifce3:i:. $ 
fCltrSBG a N*#3fcfS!*#G a U->f T'&-& 

[0018] *$$!©G a K&mim& G a 

m#t&*m*mmmtfm&mi£. mem 
v *m®mu:Kmt<fttzG a n##$# 

tffcftfcSbfcG a N*¥$tt*m*S#iHI«©G a 
N*W#©j*5i: i: t>K!tS2vx**m£gv v S 6 
JCftllBG a N*¥&#©jm:«k *) » h«BS 
*^«Wi*nTV%SXi:«:mi:-r*. SfeltfflBGaN 

[0 019] *«IS©GaN*i|i#««l«jili, iifft 
©G a N«¥*ftftJ:ICG a N^^^^SS^it 
*^S*VO^ $?)tCitiBGaN 

[0 0 2 0] *«W<^GaN*i|i#ft^m GaN# 
&4fSli:1-*. * fcKTSJG a NJMMSftBlfclCG a N# 

<t*mem. T^mmsmttix^ztm 
[0 0 2 1] t*<r>\zffi&Gam : mm&\t. 

^D«tt«Wr G a N*^ft«3^^T-fe5 £££ 
«8ttt4. ItfiBG a NIWW a N*¥$flc U 40 

[0022] 

[?8I?§©306©^J!S] #«E©£i&©7£J8KColr\T> 0 

[0023] (» 1 (DgmmW #8$©® 1 ©106 
©7gJgtCOV>T, I I I-V^fb^li^^OX^^ 

[0024] ©fete mmtKGRmtu -e© 
ib&m*Mmmmit»!R**t& m-vm 50 



i ' #gfl¥l 0-31 2971 

8 

itiswm#i 2fcitflU:i3ftJtU -?-©£ffi±lC7;*- 

^©JfcEI*fgfc«g1-Sv;** 1 4 
*©J£t*tt:ar-5'f:/i:U d©£gvx*i4©£3 
lil 0nm^e>2Mm8ST-*y, JftAKRl 3£«fctf 

AmSSilLfe. (HI (a) ) . 
[0 0 2 5] JUMPIl I I I ~ VWfc&to 

^tzmzxx**is j rmne>&ftmz.mbXs & 

x-m*&. mtfmvxfrbii immzmv 
fi-r*. mb<iti 1 i^ftog 

^SMV^Jfifb^SffitCtS^a^S (VPE : Va 
por Phase Epitaxy ) T^tf, I I IJ^tC* 
»^£J8^S£8^ft£fe§tfB&« (MOCVD : 
Metal Organic Vapor Phase Epitaxy) fc^VVCt) 
<fcK 

[0026] 1 1 1 -vmt1swm» 1 5 li, |» 
PgT'ttVX* 1 4±lCJ&g-&1*. i&mm 3©#T*£ 
Ati«tfiB£V. OMfffchOI I I-VE^I 
#1 5ictt7r-fey hfttMRAStuS. 3©££©l 
I I -Vj&b£fe¥##l 5«WM*rtl*7irfey hit 

mjw&titiz 6 5 or*^ 1 1 0 onojfcsa 

A. I I IttRWOftlttl^Mtttfr &2 0 0 0O0 
«H^**Vi&gCB©£Mi«©^T-4Te>. (01 
(b) ) . 

[0 0 2 7] $e>£x£**^r;w&gfciffittsi:, I 
1 1 -VM^Wftl 5tt7r-fey K«Bt©lBfC» 

vx^i4«:ae>j:e»{c*s. ivximtzfst&m 

©I I l-Vf^fc^fe^«:i 5©7r-fef 
«** (01 (c) ) . 
[0 0 2 8] S6CxW*i/irAJj»a*»*i:» 7 
T-feyh«BiA^tt>ii*4t (01 (d) ) , mttiK. 
». ¥«<fc^®S:«fiI I I-V^b^^Wlgl 
5^S3il^-e$2» (01 (e) ) . 

[0029] m. m±\z&*m$imm<Dm 
[0 0 3 0] *mmmz*i>mx-& mm&iz 

£>)f&mmzy7*v hfflkmftbX^Z. z\<oy 

r^yhimm^im^m^vm^tcMzmn. ? 
r-tv Y<om.\z^)WLh^7^v v\zm^xm 
mtmmziwx^tzmjm&%isfa^wxfz 

ZttfX'Z%<**>. tn$km\*y7*vi<D&&tt 
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[o o 3 1 j ®\z 1 1 iimm&iw&m*}&.m 
m.m£z>mffi.m-& 1 1 1 -vmt^mmw 

&&&&& \tt<ftt>y7*»jm&<D$*>&mt. 
mmonfaiztoxf&ztiztt*) 1 1 1 -vrnts® 

[o o 3 2] in mmtz^mmzm^ 
&*xfgt&m*m<*i>tf. i&owzvi ii- 

fmmnmtowxzttto&m&izm&i i 1- 
vmtismm#i s<Df&&m j s>&&zttfX'isz. 
[oo33] mz&mmm *mm2a$&& 

*/*rfrtfi&mizm 5 z#mbx$m*&. 

[0 0 3 4] H5 (a) ~ (b) tX-\tmi<D$ffi<m 
M<mi (a) frt> (e) fc^fcEg-eflSSUTV^ 
fe»SW!S:'t«St-S. %2om&fmx\L> III- 
Vj&b£&¥$#©x£* *^;w*£fctfv%&gSfc 
TObUcgtC &2©v**£Sttt (05 (c) ) , 

% i ommmmmzyr^. v mmmftu ¥ 

SttfcfToTH* (05 (d) ) . 

[oo3 5] mzoymimmx^ hi (a) **e, 
( e ) <DmjMzmmz\£K*w&Ltci 1 1 

[0 0 3 6] mi ©^©7#8&-5Wi&2©|£66©7£ 

j*fi*«l6ic*r»rcfc»;, ai 2 o 3 , si, si 

C, MgAl2 O4 , LiGa02 , ZnO^OSS 
✓\©, GaN, GaAIN, InGaN, I nN, Ga 

a s xttc a p^© 1 1 1 - vm&&m#<?>jmz 
mmx'zz. 

[0 0 3 7] *£01&.&V^i05T?liS«K:*©ft© 

m>mm®.<mt=.m*Mtz> 1 1 1 -vm^i 
xmwB&mz-? * v m& 1 am l ssi 

l3tffitCfflgv**$:JEa*l,T01 (b) ~ (e) 
Wi05 (b) ~ (d) orta-txifi-oxm&t&b 
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[0 0 3 8] <* e>»c#!Q6ewta&T-ttv.x{' 1 4 £ l/C 

* h5-r TWDM-ym^fcimmiz^xvim 

[0039] (f&3©iag©^jBo mz. *m<mz 
o$$&<mmz-D^xtm?z>. sg3©nig©Mi, 
1 <r>m&oMm>h\ mm 2 ©^o^jiT-si^ Lt=. 

I I I-Vm£4^#©Xtf**^ir;i/Jfcg*:Ga 
N*^#©J*£lCpJ/a h G a N*¥£#|g£J&&-r*> 
t>©T*&S. 

[ 0 0 4 0] £3 OiWm&m^ % 1 ©IQ6©7S» 

sv^tt^2®IQgo^JST'lttWLfcx^^*i/ j r;i/fifcg : 
SrGaN^^#PPJfflbfe=b©T-Jfe»J. £&-r$®j?T 

[004 1] litftJC GaN*^fl^3ft®3g&»rt> 
te^^©&&Sg«*ifti:K~ 7* r- V V^7^ - 
hxyf->^&£M^T£&J:©/&gP£fc 

[0042] ^»C^M«lC*f LG a N&¥##©xl^ 

mctem&mit, 1 1 ib^c^^a (g 

a) fc&fb*3}t (HCl) OBUZ&mX&Z&itiiV 
>?A (GaCl) fcV8agCtflC7>€X7 (NH3 ) iS 

zim^wvitffimmz*z%]mik (vpe : v aPO 

r Phase Epitaxy ) T'&£/W FVPEffi 

G aK^(C^«^5:ffiVxS««^S^-^«a^ 
S (MOCVD: Metal Organic Vapor PhaseEpitax 
y) S:fflV>S„ f&g££W:6 5 0T>*>& 1 1 0 0XTC*« 

k vmmom&\ti i i8asem>#^»c*ri^ 

fcfr P> 2 0 0 0 0 0te£#M&1-fttfJ:K 

[0043] G a N*iN»*Mfflxtr* =^>ir;WfcB 
tt, ^i©IQ6®^Jffli:ll«^ GaN^M^fti^flS 

jg^y, j&r«w&j:©g a mmtmziimom 

[0 0 4 4] xtr^^-v^^g&^Si:. GaN& 

tmtitcto. f&mmmx'*<-?x>;m$iit)\ztti 
yhmmtmtz. z<±>\zx.vz*^n,&&*m 

5 iU G a N^i|m«c{Ci »J 77t<> r-fc&WIftii* 
*U fi^JfCli, W^ffi5:*1-*GaN^i|i#*IS 

[ 0 0 4 5 ] G a mVW&&<7>m$m&tzto. 
TOG a N*^<*©^S^T-JiS«i: 7 
-f7«fu SiCS«^SrfflV>T^fe^ z:*ie>©S« 

«g a N&m#£\imim j pmmmtevx^ 

3©fe*GaN*^*©x^^>t/^;^^ 

it. mLtvmxmbittiiS&.mzt&jiim. 
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(0 0 4 6) *|Qi®^JStCJ:SX^^S/^fig^ 

are»±. g a xft^»tmmm*& : ?%.m<D&tc 
mmz, &mmtm*mmo>y 7-tvbm 

onmttzfr e> m. Mcm&y tmvy tzm^» xm io 
roo4 7 j LtctfoXGamimttm&mity 

^«S«T-liteS^«5A^bTV^, *£<i©ig£ffiTL 

*;v&i*g©*Pl8©<gj*tffteft*. 

[0 0 4 8] r©«ke»tCSBtJttCVXi'(Cj:»J^»{C 

mztimmmicy r t» MBt**-r«G a n& 20 

[0 0 4 9] SP)tC, ^3CDHJ6(D^ffiT'^e>4x5Ga 
<D£&tLXm*ZZtffX'%&. £©i:e>fcGaN& 

^m±\zc*ii&mmii*zm?&ziix% g 

30 

[0 0 5 0] *feG aN#^*3g?-a<GaN&¥£ft 
fcG a N*^^56^-ftCfcWeS®gffi^©m®g 

[0 0 5 1] 3P)»CGaN*^flc«3^^GaN* 
?©#&& GaN^^fti^WEtfJ* 

[0052] nzQ)$&<mmzmzG&K& 
*mm&mmm®±% 1 ®mmmc>*x* 40 

m-%mx-&z. 

[ 0 0 5 3 ] m 3 0!Q6©jgJBkD3Wra±. GaN^f 

7. * Z&f&tsmft Ltzfo gfetKG a N*¥*# 
&/fcgbfc«yc, f£GaN*¥$tt£SiKv**fcJ8$t 

[0 0 54] $e>tc*5Q6©^®tcfflv^v^^i:UT 
m 1 ©Hte®»J»fe*V>tt«20|Qg©^ffifc|g«*: 



©^«8fCfctt6GaN&^fl|gi:t/aiGaN, Al 
G a N, I n G a N9#&»f6*l*tf G a N#fifc$J* 

[0 0 5 5] *fcGaN&¥$#&-?i:Lm GaN 
U~f*G a N&L E D$©G a N*¥$tt|g 
^^©ffitC F E T*>H B TteHoyfAJX^Zm*! 
mx-3bZ>. 

[0056] &4 om&mm *m<om am. 
<mm\z^x. m6z$mbxmti>. 

[ 0 0 5 7] £4 ©KdfeD^&Ui, G a N*¥£#i:j& 

1&<DX***i/V)\<&&mmLXG a N^^^^K 
fcJftftU S6K3©GaN*¥#ttmBCGaN* 

[0 0 5 8] &4©Jt^©#JSTliGaN*^#i&J: 
©G a N LTG a N*¥£#3Bfci$i** 

[0059] ttcfefc £tt%sic?;i*&gau y 
xhwyvyj-fetv^y Vx.v+yVX'-vT.'rt 

m&*^m<»mz>&mm±icG a N&^gft 

[0 0 6 0] V**ft£WtlMR«©»tt4: bTtt, J&l 
©IU6©^JS©UIIB© J: 3 K&gJRtftDG a N&¥#tt 
\zyy*.v hjWflNNNttte'fft. 

[0061] ^ICfilcfifiH^lC^UG aN*^(*©Xlf 
**5/**rtR«Td. G a N*33tfM>j&fi&li. I 
I URBWC^'JfA (Ga) t«ft*i (HC1) © 
/jD64rt«re*«aMfcHfU (GaCl) fcVlttW 
tCTV^xr (NH3 ) #xtJ8vi£/vf K5-f KVP 

Ewmtb^i)\ imtkMtsxmfm (movp 

E) &fflV>T%»J:V>. 

[0 0 6 2] G a N*¥Wt®x£* *S/-VW*g«. 
£l©H%©^ie^^^ GaN*¥$fttf*J»afi 

T'J±vx^±»cfifcS-itT«S1i«©*T-iKSfi6^igz: 

mzwiiVL®y7*v bm&fMf&ztiz. 

[0 0 6 3] x£**i/*J4&Jtfcttttft£. GaNS 
iNMW*7Tty h8&©®lc#LT£t£fc;&l*i«cjfcg 

mtitcto. fmmmx'tt < * &g-5 <t e> ic& 

•5. * l/TRttt*J&MK*®G a N^^{*K©7T 

tt* G a N^^ffrfC iy^rtV 

*tu fi^llCli, W^SS:^tSGaN^^» 

[0064] ^tCG a N*^mt»CG a N^4^» 

mm+m+fflkzmtz, Gam*mtmm 
vD&mz^vbL. mo&m, #xm. v/i 1 

IifcT% n^GaN^ ni?A 1 G aN*5y hjf, n 
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S?G a N)fe!tt KJf . T> K-^I n G a NS*#J3« 
1 7> Y-Zf I n G a NmUf*&&*#ftft?#H| 
SiSm pgAlGaNM, pSGaNftjittKM, 
pSAlGaN*5yKJI> p5?GaN3;/#£ hSS: 

10 0 6 5] *ic U-1f-«BiS:^LfeSISS:W«l 
■CtshU Sfe S102V^^ i3J:tfGaN& 

£. SffiLfeGaN#¥$ftR©i& tfcfc>1iGaN& 

^ftm&mmKnmmm&Lmwizpm io 

io o 6 6 j %4 amammzz mromfm^ 
na. 

10 0 6 7 J m 1 ©UteCW^JSCDI^^i/^^/^T' 
SfctlfcG a NJMS$ttBU:KG a N#4M&fl3tf#jg 
Sr^fitiitfCj:^ ®m>V7747W&m^t=. 
fiW*T-|HSi:fcoTV>fcG a N^^fl^^«5t»CfeW 
ix^^f^^^KOieatt*^#T-^ G a 

[0 0 6 8] S6>fCGaN&¥$fl^-#GaN#¥# 20 
[0069] *feGaN^^«c«^^GaN*i|i 

gR*j&£Uc&»cg«, ZZtX\ /\ 

tBStC J: »J G a U--#MHte8«l5 5-tS 

[0 0 7 o] fcfc, £4 ©HtecD^®»i±IB®SWiJclS 

[0 0 71] G a N*¥$#&0xtf**S/* 

;i^«SSl<B£fc©^J^ttT?fc<> &20D2a6©Jf? 

[0 0 7 2] a*>»CGaN##$ttK±fcGaN*¥# 

g a wk>mmMm.^m. -r^to&n 40 

[0 0 7 3] GaN^M^ftB^Sfo VX* 

UcfllfcSlHli bfejW. G a N*¥*M!U:IC£A 

X-SbtML VX*©8fe££f?fe-f. GaN*^ 

[0 0 74] ae>lc#|^<D^&K:jav>sv:**i:l/c 

is* i (ommmm&z^&m 2 aga&MnuiHin! 
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<^®Ki5ttSG a N#¥$#&i: 1/CttG a R A 1 
G a N. I n G a N$*We>*lS#G a N#Sfc#* 

[0 0 7 5] *fcGaN9Mi#<*3!f?i:l/ni, GaN 
U-tf*>G a N*L E D^CDG a N*¥*fl9B 
jy^OffifC F E T*H B TteZoyfrU Z C t>jgffi nf 

[0076] 

[0077] (01 ©uteffiD *mv>mi&m^ 
x. mzm.Lx$m*h. *mm\t> mtv 

X. (000 1) m?747 (Al 2 o 3 ) gfil 
1 ±IC 1 fi TsmBLVm&DG a NK 1 2 &fc SJW£ 
& Lfcgffifc/SHfe. £©G a NHS 1 2$ffi\Z S i 0 2 
KftJKAU 7* hV V>T77<(-&tVxy hxy 

*>>fx-?*>; i 4 *:j&gis«i 3 »c^mufe. &m. 

mi 3i3.fctfv;**14te, •?*v£h5Mm£J:tF2/( 
m©*@(D^h5-f^-??fee. Xh^T^fflfcKl 1 
-2 0>*^Ufe ( (HI (a) ) . 
[00 78] «fifig«13{C^t-6GaNKl5li. 
I I IftmiZUVVJ* (Ga) tgffekfjt (HC1) 
®££&^&$«fb#y?A (GaCl) tvfias 
tflCT^-T (NH 3 ) j(fX*J8H*/W K5>f K 
VPE&fcBUfc. £«1 1 £/vf KOJfc&gfi 

ic-t » b u #i*i#B£ra&g&g i o o oric#a-r 

S. lifcBS«*^3£l/Ca^ HC 1 «S*& 2 0 c c/ 
&#T-#&U NH 3 ifeS 10 0 0c c/£#T? 5#g 

mmtiztx-, f&mmi 3»ccaNKi 5® a 
- 1 o 1} m^*z>7T*y hwmm&tttc m 

1 (b) ) . SfclC 2 0^H^Sx^*S/^«gg 
Wft*, V**14Mtt**77"fe*MI»16*» 

(HI (c) ) . 
[0 0 7 9] x^^ri/-Nr^^gSiK»*iiltCJ:»J7 
r-fe9 Httt»a» (HI (d) ) , 
5«WB0j«re 2 0 0 it mgSO^a^ffiSr^t^G 
aNRejWa*fe (HI (e) ) „ GaNKl 5m 

ja^fiiyiRUffltfe. 

to o 8 o] % i nmmit&mmMm&mifi 

AWCJ:»;. (l-ioi) ®A^e>^;477i^>y 

■fey hOtlJ3ST'3©*l^#tJf4ii:*«-Ct*<*«. 
[0 0 8 1 ] *m\Z J: >J^Lfe|»tfiMtCH^« 
fc, 77-fe«yhOffi^T, tt»«CfltJ , 6*U Xlf** 
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[0082] mie>mMK*vTmf&tifttzGam& 
i sea, vyyjrmi i tm^mmssm 

gStlfe. Wm&Zft ofeG a NRlCtt. * 

«tf*3HC4>fc<, *R8&gttl 06 cm2ggT-* 

[0083] ^mreAft UcG a NRitftlfeftHI! 
K4>fc<, SO±ICU— If, FET, feit;HBT&^ 

ttfeiaj:a-a-eri:*^rie^<fcs. 10 

[0 0 8 4] *i~>\Z*7T>(7W&l lfcflf»$C«fco 
T«*t*Si:T?, GaNRl5fc«et#&fcLTJ8H 

[0 0 8 5] m 1 OlQIffilTti. G a NR®x£* *i> 

«M^«««Gl&ftftifc (MOCVD) fcJBWTfcH 

«<fc«wfewie>n*. *fcAi 2 o 3 iMti ltJBttfe 

jW. Sim ZnOiS, SiCM. LiGa0 2 
££& MgAl2 0 4 Sfi^Sr«V>T=bH«*«&» 

*we>n*. ae>KAi2 o 3 a«n±icGaNR 20 
m&vx*>zw 

[0 0 8 6] *feV^^14i:LTSi02 fcffi^fc 
tfiftKR&ftSfcaT'ttfcC SiN x 
RT* t» J: V \ Z.<D$&m-T:\*?7. 9 1 4 0*g& 2 m 

3e>Kl^K5>f^S:<l l-2 0> 

flt<D$ffi< i-io o>ftii<. rne>©*r^6> 

IW^kaTtilMWtWWI^J:'], 30 

[0 0 8 7] fcfeGaN©x£**$/-v;W^lC-3Vvr 
ifr^fetf. InGaNK AlGaNR InNR G 
aPR&*^ttGaAsR£xfcr**^;Wfcgl/C ; fc 
H*ft*Mt#ff&ft6. S&Kj&g** 1 1 1 -VM 

^icmmmabxmmmim^ni. 
[0088] <M2<Dggm xmmzog&mz. 
i^x. m<n&imtmv<®i&$mLxtimt 40 
s. 

[0 0 8 9] &20>mmX'\t, W&tLX, (0 0 0 
1 ) MS i Cg« 1 1±»C 1 nmm.<Dm-<DA 1 o.l 
Gao.9 NRl 2%&bfrV>#)]&fii.L1=M£k%f§^ 
tz. 3(DAlo.l Gao.9 NKl 2^®ICS i O2 

y 9X^*9 1 4 2i«MMi 3ic#«Lfc. asm 
13, i3J:tfT**14tt, *4v£n2*tm. JSJ:tfl 

l-100>*^Ufc ( (01 (a) ) . 50 
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[0090] jftftNftlSIGJftJt-rftGaNRlStt. 

I I ItffimUfVVJ* (Ga) fcJ&ftoKH (HC1) 
<DW&!&mnZlbi>m.1i>)Vk (GaCl) ilVl^m 
fifcr^xy (NH3 ) #**fln&/vf F5-f K 
VPES&Jl^fc. Sfil 1 fe/W K®j&fi£K 
»CiZ 9 h U *fJt#B&7?fifcBS£ 1 0 0 otx#st- 
5. j&ffilfttt££l/C*£K HClWK:2 0cc/' 

mxmu NH 3 «ai2 o o o c c/mx 5#g 

gmt-53i:T\ jftJMRffl 3KGaNRl 5® {1 
-10 1) W*b&*7T-tv h«B»ftj«a*fe (BO 
1 (b) ) . 

IQ 0 9 1 1 3 6IC 2 0&fMBxe9*i/*M&k 
fcttl*. v** 1 4 *7?G a NOTr-fey Mitt 
15£«3iS-frfe (01 (c) ) . 

[0 0 9 2] x.X9**/*JW&*W)ZZ.t^*L>)? 

tmv hmmmib&* (01 (<o > , mmo*. 
5 BMOKDMee 2 0 0 n wgma s mt(&mzi;t& g 

aNRftJW*a*fe (01 (e) ) . GaNRl 5®J£ 

ok. nh 3 #x*^Lfc#MWfe-wwjiu & 

[0 0 9 3] «2©|QgWlCj:oT?B»*S*lfeGaNR 
1 5 tcti, SiC£«i l ^®«-f^-^8a^gmb^ 

Stlfc. Lfrfc. J|£RJ*££*JofeGaNRfctt, *H& 

< m®mu 1 0 e cm 2 gare&o 

[0094] *Hte03T-^LfeG a NRttfcHS*^ 
CiJ>fc<, £©±fCl>~»f, FET, fc-fctfHBTfcif 

[00953 sicssi imm^K^xm 

&t*Z£X* GaNRl 5Zt$Rffltt£.LXfB^2>Z 

[009 6] &2<DmmXl-t> GaNROXbT^t*^ 

W«^jSfb-&«^fflfiKSjS (MOCVD) &fflV>T%If 
tife*Mt#ff&ftS. *fc*^iiffilTti. SiCS«l 
lt**A SiSfi, ZnO^R, Al 2 0 3 S 
fiSK, LiGa0 2 mL MgAl 2 O4 Sfi^ 

^vNT%n««;«is*^e>*is. 3 e>tcs i Cgfil 

1 ±tCRJ?®G a NR 1 2 ftft 6»C«mjtbfetf. £ 
tf 1 l±ICiffigV^i'S:^UT : tJ:V\ 
[0097] *fcV^^14i:UTSi02 SrfflV^fc 
#ilUCR6jh6t»© , CI*ft<, SiN x ^®$^ 
RT't»J:V>. Z.<D9$$MX\Z?7.>7 1 4®*|S: 1 0 urn 

wmmm*>i\z. $e>^h9>fys:<i-ioo 

tSfi®#l^< 1-12 OX'tii <; Z.tie>®*^ 
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[0 0 9 8] *££6ICS«1 l_E©R£l/CAlj|BfiJt 
0. 10AlGaN£jgnfc#, ^©TOiftSCDfc© 
T'J:<, 3©R£ LT-fOffclCA 1 N, InGaNfci? 

m^zmmmam*>ti*. ae>KGaN©xtr 

^S/^WfcglCoVvC&^fctf, I nGaNE Al 
GaNE I nNE G a PR&SWiG a A s^x 

jits 1 1 1 -vmt^KjmwmLTbm®* 
[0 0 9 9) Gg3©gd60) *m<m3<Dmm\z 

oWC. 02fc#fi8l/OS«l3t$. 
[010 0) ®3©Hife«n?ii, £&tLX. (1 1 

D ig©MgAi2 o 4 m&2im\^ z.<m& 

21$®KSi0 2 3 7*hUV^5 

-j£fc*xy hxy^ypv** 2 3 m*tfS« 
2 2IC£ltL£. Jfcgfig#2 2, fcittVy^Sli, 
-f*l-£h,4 *inu fc£tf3j*m®IB©*h5>f:7iRT?fc 

*. ^b^^m\t<n-2o>mtv^ ( (0 

2 (a) ) . 

[0 1 0 1 ) G a NR©&gtt. V^,^ 2 3±£#*&S 
(DGaWWmWMt&OKmLZJU K5-f KVP 
ESsfcE^fc. 3©*&T't±, I I iSfcEOMCtfU^A 

(Ga) t^fc*^ (hci) ©fifS^lire&saMb 

#y*A (GaCl) f:, V^RfCT>=EX7 (NH 

3 ) 

[0102] * t, s«2 1 «Asianc-fe V FU* 

JlHf*fe«l#bfc#& 1 0 0 OT«0ffipelMk»IL 
fe«..5 0 0TCCBfia-tt. HC18S&&0. 5cc/ 
ft&VMftU NH 3 S£Sl000cc/$#T?5# 
gKBfctSifcT?, <$S^«««2 3lC*fj2 0nmCD 
R£E©GaN/<»/:77«2 4S:7{&*tS (02 

(b) ) . 

[0 10 3] NH3 #;*S:#ii6L&tf 6 1 

o o ouciaa-fs. aamBumkLTfrh, hci 

«t2 0cc/«m»U NH 3 S&S150 0 

c c /mx- 5 wmmtz z t t% jfcg<g«2 20 

GaNA>y77-Jf 2 4±lCGaN© {1-10 1}® 
*»&«:«77"fe9M«t2 5fe|j»a«fe (02 

(c) ). 

[0 10 4] SfclC, xW^»/ir/l/J*fifeaBt, V7 
if 2 3*ae>*T-G aNR2 5077*7 hflBtfeWt 

W, «KWfCli, 5 fSrSCDJ&ST' 2 0 0 mg&©¥« 
^Bfc*t4GaNR2 5fcJ»fcS-&fc (02 

(d) ). GaNR25CW&£«, NH 3 #7*#& 

bfc#e>#S£ -eattuftKKK * y jr y at. 

[0 10 5] *3ffliai«tJ:oT?K«atlfeGaNR 
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2 5fc»i,MgAi 2 o 4 mi2 1 tam+jmftm 

Z£i)Vm$tltc L#t», JHft&ftfcfTo&GaNJK 
ICtt, »W4<, 106 cm2 gg-e&o 

[0106] *mr?aKL&G iumtmm® 

lZ'pk<. £0±lCU-if, FET, fcit/HBTfcfc* 

S«2 1 *3W»EJ:oTl»St*Zfc-e. GaNK 
2 5 *@Ra**i: l/CJ8»6££fe'Vftft. 
[0 10 7] £3O$K0r?li. GaNR©XfcT**^ 
*A4feK&vr KVPE&fc#V>Tjefc!ibfc#, 
#fittlfb64MtiBlftfi& (MOCVD) fcJgwcfcRF 
#)53&J&#f§e>*lS. *fc3Q609T'tt. MgAl 2 O4 
&ffi2l£jg^fctf, Sim ZnOSS. SIC 
m LlGa0 2 gfc Al 2 0 3 ®ffi^SfflV^T 

=tif««:^*^e>ns. ae>tcMgAi2 04 21 

±lCjl^V7*fc^Lfe)<fc &«2 1±lCGaNR£ 

[0108] £fcVX*14fcLTSi0 2 fcflnfc 
^34xtCfSP>nSt.fflT'tt«c<, S1N X 3s©*fi8ft 
RT*fcJ:K ae.tCVX^2 4©*l$:l OMmilbfc 

* zmth&tiz L<DT'g&mx'ibMi®mtc&) 

mmbtiZ. *$$mX'& XJ>5K:7«:<1 1-2 

*itsac©*ifiK 1-10 o>t?*>.i:<, £*e>0#M 

*^«W^gT'^^SO^#»Cj:y, fifcilPS&C 
77t»; hffl&Z&f%tZZ£&T-£&. fcfc, 77* 

[0 10 9] SM3dlff?li£KJblcWt977jR 
fci»7fe«{CGaNR©JiJlfifc*ToTV^fc«>, 

mwptK-tzztimmttts. 
[0110] s&c miro. oaN9iw*j/ 

*/l4&ft(Colrvr&/<fctf, InGaNR, AlGaN 
JR. In NR. GaPR. GaAiIfcttt*Wr* 

loin] c®4 ©^609) *«^©^4 <omm\z 
ov>t, 03, 04 zmvxmir&. m^tmm 

fsfflmmmt bt-m®X'$>&. 

[0 112] *SQg«lT'{i, mtLX (0 0 0 1) m 
©AI2 O3 ®E4 l±tCl^rogK©RJ?©GaN 

R4 2^e,^m^iyt^^mm^ 

[0113] Z<DG a NR4 2 Affile S i O2 RS:^ 
J«U 7*h'J V^^-f-Sfc^Xt/hxy^iTZ? 
4 3 m«®«4 4 ICtffSiLfc. $£ffim 4 
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& 4*tm©a{I©A# (03 (a) ) . -22#3/tm 
<D=fimt (03 (b) ) . fc<fctf5*mfc©*©£|* 
(03 (c) ) ©3g&£fc$VX*fc**V?*lja^ 

[0114] mf&Ltzf&mm 4 ICJ&gtSG a NR 
4 511 II ltffiMzhV**)\<XVV& (TMG 
a) R&bV**A'7JU§.-VJ* (TMA1) £.V&m 
*4(C7>^-T (NH 3 ) #XfcJBt'&«ttftllfte 

to 1 1 5] 04 \W3<0ft&m*mi>1t£Rk& io 
^IH^SffiSrSV'.-r I I i -vmt£wmimt:&!& 
tzxmvmm'&z. s«4 1 fc«ittJRfl;6*A 

i o 5 o-cvis&mKimtz. &&®m 

$&LXtf>t>, h U <7A«aS: 5 c c/£# 

NH 3 «ai5 0 0 0c c/W&X 1 O^g 
R«»t*£i:T. /fcg«C*£4 4fCGaNR4 5© (1 
-10 1) ffi^e,<fc*7r-fe«y^jg?:fiRfi3-li:fc (0 
4 (a) ) . 

[0116] se>ic 3o^r^Sx^^^;u^feg 20 

V*iM 3£ge>*T*GaNJf4 5©7ri:>V 
h«i&*»3iSi*fc (04 (b) ) . 

[0117] xtf#*j/*/i^MteN&::fcCJ:yG 

aN«4 5 ©7 7 -try h«T)gS:«*Wi* (04 
(c) ) . SHEWfCti. 1 2l$!a©j£*T'l 0 0/imm 
S©¥S<fc«SS:%-t6GaNK4 5£^S-Sfe (0 
4 (d) ) . 

[0118] 3W&<Mfta&mmz&tit,l,t=.G a N 
R4 5H, #JMS«©^»Cj:e>1^Sfc^*<f§<3 
*U V774rW&A UZtryttfAvX^tt^Zt. 30 

4*. H*U£R, fcJ:I»®£IK©38aS£l,fc#, V** 
[0 119] *S^*Jd*bfeGaNRtt*R H *^ 

[0 12 0] SP>lC-y-7r-<7^4 l?:«lf^tCJ:o 

T»*tsrtT, GaNm^bimmtLxm^ 40 

[0 121] *4©gQ6WT?tt. GaNK®iW*i/ 

«tt&M&4feftffiti^ (mocvd) m^xrn 

»m%ime>tlZ. ttcAl 2 0 3 W&4 1Z%^ 
fctf. Sififi, ZnOgfi, SiCgfe LiGaO 
2 Sfc MgAl 2 0 4 g^&«V*T=fc|S3|#fc$& 
mifflbtlZ. Se>fCAl 2 O3 &K4 1±ICR£© 
GaNR4 2Z3b*>frKlWl&Uztf. l±Ki£ 
&?Zttc]&&LLX*>&>\ 50 
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[012 2] £fcv** 4 3 £l/CSi02 

^ntdse>ne=b©T-«<fc<, sin x $©aaiift 

RT't;.fcK 

[0123] tfcGaN^I^^rJ/^I/^ICOV^ 
fctfetf. InGaNE AlGaNR I nNE G 
a PR&iVMiG a A s&fcxfcT**J/-WWfcgl / T ; b 

ii&fca^$<>>*is. ae>mstsi 1 i-vi^b 

[0 124] (^5©Hte«D *«W©»5©iq6«k; 
o^T, H5**HLTff»!tft. 
[0 1 2 5] Sffi5 ItCti, 1 11 m©RJ?©G a NR 5 

2iMtfi.21\tz (oooi) E©-*:77>r7'£«5 1 £ 

[0 12 6] 3©Sffi5 1 &EJCS 1 0 2 Rfc^J* 
U 7* h U -SSilSXy hx^^T-gl 

1 ©V** 5 3tt&l <Df$L&m 5 4 »C#fitLfe„ SI 1 
©JfcBPg5 4, fe«J:0f^l©VXi'5 3ti, -eft-Ttt 
2/im, J3.i:tf5/tm©;xh5>f:tffti:l,fe. *S5-f 
-tHW-i* <1 l-2 0>£Lfc (05 (a) ) „ 

[0 1 2 7] £ 1 <DEfcitfI«5 4 m&t&% 1 ©G a 
NR5 511 ±SB©SQ60i fcMttci I Ifija^ic^ 

u«?a (Ga) tm^m (Hci) ©s^^arr-fe 

SfctttfUtfA (GaCl) fcVJfcJSCttfCT^XT 
(NH 3 ) #X£JS^£,MK5^KVPE?££B^ 
fe. Sfi5 l */vf K9-f K®JftXBKc-fey hU * 

s^H^T-^BaK i o o oicidHat*. 6 5 or© 

SS#e>£«5 1 £NH 3 ^#H§UC-T*. fifcgffl 

mmfebxfrib. hc i asa* 1 o c c/mx-m 

U NH 3 t£S4 000cc/££T'60#H©J&B 

x\ mi<D$mmx'mii>mi<D u> p?> (e) © 

f£&Eg*£T, lgl©v*2 5 3£JI«>a^££51© 
GaNR5 5£7ta*-r* (05 (b) ) . flffiGaN 

K5 5 mm, nh 3 isxmmx-imzxmu 

[012 8]^C, GaNK5 5±lCgtfSi02 R 
*£ftU ?H20)l8gmi, 5 6 t^2©VXi' 5 7?:^ 

fiX-rs. -e^v-rtuo^h^-f^i. 2Am, jsiirs 

A mT'fe y, ^ b =?4 -IHnSK 1 1 - 2 0 >£ 
(05 (c) ) . i©gfi5 1±(C no, gl©££ 
MT-|ftWbfe01© (a) *»& (e) ©fiEfilJlSrig 
X, ®2©V^^5 7S:lI«Wi^ fei-f 1 5 0 /tm© 
^2©G a Nff 5 8 &SS3tWtl,^iim 
(05 (d) ) . 

[0 12 9] J*fiUfe^2©GaNR5 8©^RSS:»fffi 

^mmBrnx-m^^Mm. amnios cm 2 « 

TfcffiftT^*V^©T-feofe. 2®fg©S 
[0 13 0] R50|ttN7tt. GaNROiW^J/ 
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Mmmfctmmmtk (mocvd) tm^xm 

fct>\ Si&fc ZnO&K. SiC&fe LiGaO 

2 m MgAi 2 o 4 gmm^xm®*® 

**^e>n&. $e>JCAl2 0 3 gfc5 1±fCGaN 
R5 2 m&tfc&\Z-?*>? tm&Litlfi. ZtUZfR^ 
T, S&ttCG a NR 5 2 fejOfttif, fig^ 1 ©VX 

[0131] ttz-VZt 5 3 tLTSi O2 fcMt'fe 
#£*UCH&ft*fc«DTI*fc<» SiN x ^OjfeS# 10 

* * i/-V A^SfCO V ^j^fctf, InGaNR Al 
GaNR InNR G a PR&&l*ttG a A sg&x 

d»t*I I I-Vllft^K^|**0»WbT*.H» 
[0 13 2] *«W<0^SU6«lT'ttG a N&© III- 

vmt-^mmm^mK-D^x^t^ ztuz 20 
mws&z 1 1 1 - vmti$wmft<b&.&izm*s 

mX'3b&Z£\t^1>*.X'*j%\<\ 

[0 13 3] (tf56©£Sg0!D 49Mi«>ff 6®jtEHMiC 
owt, H6fc*iRl/TMH*«. H6ti*?6^©xtf 
**^r;W*g«:GaNR©jSfilC«K S6>IC£©G 
a NRBCGaNJMf^Sttl'-lf fcSffit-rSXg&BW! 

[0134] 06tC^Tgffi61lCtt, 1 #m<Z)K^© 
GaNR6 2)W&Sa*tfe (000 1) ©ZH^r-TT 30 
SS6 1 fc/BV>fe. l&WKS i 0 2 R£S? 

-f -ffii: ?x«y hxy ^i/^T*^ 1 ©V** 6 3 1 
©tftitfg«6 4lC#8tbfc. gl©ft*fftt64. 
tf3fll©V**6 3tt, *ft-fft5*im, £J:tf2/im 
©XW^SRfcbfe. *h5-f <ll-2 
0>*«tt»6lO««tf^Babfe (06 (a) ) . 

[0 13 5] Rl®jftMiK6 4lcAJt?&ftiaGa 
NR6 5& ±G®JtllffiUfcMRlci I Ittffftc* 
y*A (Ga) fc&fbfcjg (HC1) <Dm&&ll!llX'& 40 
«MtffU*A (GaCl) fcVlSSWfCy^-T 

(NH 3 ) *f*fc8H*/W K5-f KVPESjfcJBH 
fc. IHS6 l fcyvf K5-f K®J*MyBC** h U * 
XgBftTA£&ft 1 o o ocicASts. 6 5 or© 
tBfl»&«S5 1&NH 3 ^3H«WCl-S. JfcRfflU 

«ttLT>6, hc i «ts&4 o c c/mx-m 

U NH3 ftftl OOOcc/fid, 
(SiH4 ) 8SS0. 0 1 c c/#0?l 5 0#|S© 

jr i ©asfeM-enm tfea i® (a) *& 

( e ) ©jaUfcCB&ftT. % 1 ©V* * 6 3 fciliWM/ 50 
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£DUF2OOAm®ftl0GaNK6 5£ftjftt6 (Ex 
5 (b) ) . »l©GaNR6 5fc^dtfc NH 3 # 

xfa»T?«a*-ewu «fiR«j:y*ymt. g 

a NR 6 5 B. nST\ 1 X 1 0 18 c m-^JSU;©* * 'J 

[o 1 3 6] ftic Gamm#u-v®m<Dm\c 

I*. «tt^Rfl^MBOfiffi (MOVPE) fcflHTfls 
SSl/fc. GaNR6 5&gffi& MOCVDgfiKlzy 

h u *mm%.x®&m.i o 5 oicicimts. 6 
5oic©aa^e>NH 3 xxmnci-& si&s* 

iOLfel ^m©^S©nMGaNM6 6, S i Sr^ftDL 
tcO. 4|tm©^3©nl!Alo.l5Gao.85N^5 , J'h 
S 1 imabtcO. lAmCfSOnSGaN 
%*MKIf6 8 % 2. 5nm©JP$©7>K-7*I n 
O.2G a 0 .8N4?#^Si: 5 nmCfaCT^ K-7*I 
no.05Ga 0 .fl5NIWM#&fc6 1 0MJ8©#fifi*# 
;3NE&gBM6 9. vy*S/*A (Mg) S:»iSDbfc2 
Onm©^5©paAlo.2Gao.8NS70, MgfcSS. 
JULfeO. 1 xtm©^$©p^GaN^-f KM 7 1, 
Mg£8s&tlU£0. 4/tm©#3©pgAlo.l5Ga 
0.85Nf5y KM 7 2, MgZffiabfcO. 5/im0>m 
3©pS?G a Nn>* 9 KM7 3 ftJKft£RU U— 9- 

Lfe«*. hn 3 uzmatf&mt'&wu 

RMiyWUttt (06 (c) ) . 2. 5nm©J£S© 
7>K-7*I no.2Gao.8N*WtWI2:5nni©Ma 
©7>K-7I no.05Gao.sNmtM*&&«#Rft 
^#^«Tjg«ttM6 9}±. 7 8 0t<Daara»*Lfc. 

[013 7]9C(C l/-if-«tttR«bfe"l»-7r-f7 
IMK6imNMC«9hU *77-f7ltR6 1, G 
aNf 6 2, S10 2 V^^6 3, fc«tt)fGaNR6 
5©5 0Am»fgLTGaNR6 5S:8tt}S-a:4. Rffi . 
LfcGaNJf6 5ffiKtt, (Ti) -7A^ (A . 

1) 0>nSSff7 4i:MAU P S©GaNM73±IC 
(Ni) (Au) ©pgmg7 5?:^ 
-T* (06 (d) ) . 

[013 8] H6CS*tl/-9KBlTtt. KffitCnSm 

a«i«nlf nS©Sffi«:^fcft«ffifc««-r*3 
s. 

[0 13 9] f-7T-(7i:GaN*^«Ci;{iig 
SSLfe U-lf«i5i©^SSI5 J: QMH 1 

[0140] inwsru MiireBiiiAittKp* 

^GaNM6 5S:M<J«*t4ii:*^*fe«>, *7 
7>(7^(- , {>V^^*mS:liS?*tTtiG aN 6 S±1ZB 

feG aN!6 5±<DU-4fm\t^ftMlZ* y^BS5 
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[0141] XmffliT'fc G a NM6 5±\Z U—tf- 
Wm&.hTfr%. *77-f7lHR5 1, GaN&6 
2. Si0 2 V**6 3£flfm/fcjft U— lf-«agS: 
f^ltei(fK:^77-f7S«6 1, GaNK6 2, Si 

02 rx* 6 3 mmLxmwmmm^z. 

[014 2] 3fefettM7*ii. *77-f7lHR6 10 
1, GaNJ|62, Si0 2 VX*63©SBg, fc«fc 
^GaNR6 5©-iJS:ifJgtT. n3?©Sffi&J&ifcl/ 
fffifctffc-f \Z V94x.y1-yyK.iL »J nS©G 
a NJf 6 6 * fctt 6 5 *T'fifc£ b n&M&KAU # 

[014 3] 

imosm) &L±m}Lt-mz. *«^»cj:4i i 
vxtKivmLtafcmmtfmu ?7±vv& 20 

©in -vi^l:^|^(*«?:^-rsri:*<T'^ 
SSt©¥$#£B\ «ttf 

*ji$:^H1-€»ri:^T'S, *©#tt#fit^c[»i±1- 
[BBtt>ffl*fiS»3] 

[Hi] 1 1 1 - vMti&amfr<mm& 30 

*SW31-*:Egft«&0T;&S. 

[02] AlGaN&a9&£S*lfcMgAl 2 O4 g 
#LLCM K5-f KV P EtSfcfl* G a N&£7&£ 

[03] 8^Kx£**^;w^t**J^«©J& 

mt*m» mum. mmmzm.htz.mmx 

[04] 03 ©Am Hfcjm AW8HfcZ>ftftff 
««r^tbfeSfiLhtC^g^^ffi€:«v\T 1 1 1 - V« 

[05] i^<oasm&2m^m\jXjmchG 

aNK©SBS0T-*5». 
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[06] 49^j&ft^fcJgtvc^L&GaNjKh 
KG a N*¥#ft U-tf-^fc^tSIEgOlWH 

[^©SWi] 

11 m 

12 s«fc^j«s^fei 1 i-vmtttf&mm 

13 1 1 1 -vimmmm^z^simm 

1 4 VX* 

1 5 xi£**i/*M&l,it 1 1 1 -VM^ffl 

16 III-V0Hb^«¥«fl«>77«yh«et 

2 1 (0 0 0 1) ®©^-77-<7*K 
22 GaNI 
2 3 

2 5 xbT^^^^fitfeGaNK 

3 1 (111) ®©MgAl 2 O4 
3 2 UmCGaNE SfcttAlGaNJR 
3 2 mt±\Z&f£2fttcl&m% 
3 3 S«±JC^UfcSi0 2 mwxir 
3 4 XtT^^i/^;i/^UfcGaN/^77M 

3 5 ;W K5^ KV P EffiT'/£BLfcG a N& 

4 3 

44 jm$m 

5 1 (0 0 0 1) B©1J-77>f7»{g 
5 3 gSlffiVX* 

54 mi<Dt&mm 

55 &l©GaNJg 
5 6 %2<Dtft.gtm 

5 7 SI2©V^^ 
58 £2©GaNJg 

6 5 nfGaNR 
B6 nSGaNM 

6 7 nSAlo.l5Gao.85N75>y hjf 

6 8 nSG a N)fc#-< KM 

6 9 1 om<D£s&?#jzimmm 

7 0 pSAlo.2Gao.8NS 
7 1 pSGaNfttf-TKJI 
7 2 pSAl 0 .i5Gao.85N77«y 

73 pSGaN=J>*2Mf 

74 Ti-Al©n§?®f 

75 Ni-Au©pS®*f 
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